Interferometry and Stellar Interferometers

But How Do You Build One?

Theo ten Brummelaar
CHARA — Georgia State University
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Interferometry and Stellar Interferometers

Thingsto Think About

« Operating wavelength, bandwidth, site
location

« Match aperturestor0

o Tip/tilt adaptive optics

o Optical path length compensation & phase
stability

e Dispersion: vacuum or air?

* Metrology
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Interferometry and Stellar Interferometers

More Thingsto Think About

o Optics: quality & quantity
 OTF coatings

 Polarization—dynamic & geometrical phase
shifts

 Diffraction
e Control & data acquisition systems
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Interferometry and Stellar Interferometers

Number Element Max. Operating Operating
Name Ingtitution Site of Aperture Basdline  Waveength Status
Elements  (cm) (m) (microns)

GI2T CERGA Calern 2 150 35 0.4-0.8& >1.2 since 1985
COAST CambridgeU  Cambridge 4 40 100 0.4-0.95& 2.2 since 1991
SUSI Sydney U Narrabri 13 14 640 0.4-0.66 since 1991
IOTA CfA Mt. Hopkins 3 45 38 05-22 since 1993
ISl Berkeley U Mt. Wilson 3 165 30(+) 10 since 1990
NPOlI  USNO/NRL Anderson Mesa 6 60 435 0.45-0.85 since1995
PTI JPL/Caltech ~ Mt. Palomar 2 40 110 15-24 since 1995

CHARA GeorgiaSt. U  Mt. Wilson 6 100 350 0.45-24  since 1999
Keck CARA Mauna K ea 2(4)  1,000(180) 165 22-10  initial 2001
VLTI ESO CeroParanal  4(3)  840(250) 200 0.45-12 initial 2001
MIRA NAQJ Tokyo 2 13 30 ? initial 2002
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Interferometry and Stellar Interferometers

Site Selection Concerns

* Morphology

e The atmosphere above
e The ground below
 Vibration

o Facilities

e Location
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Interferometry and Stellar Interferometers
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Interferometry and Stellar Interferometers

‘ ‘\\\\\\\\h e

29 June 2002 Michelson Summer School 13



Interferometry and Stellar Interferometers

Steael and Concrete

Y ou need to secure things to ‘ bedrock’

e Optical and building foundations must be
Isolated

e Everything needsto be stable at the micron
level

Y ou need to have a contractor you can trust
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Interferometry and Stellar Interferometers

The Light Must Get In Somehow

o Aperture size: seeing and adaptive optics
e Siderostat Vs Telescope

e How many apertures can you afford?
 Movable Vs Stationary
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Interferometry and Stellar Interferometers

rTTIIn ITHuL
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Interferometry and Stellar Interferometers
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Interferometry and Stellar Interferometers

The Light Has to Reach the Cent
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Interferometry and Stellar Interferometers

The Light Needs to be Stable

e You must have tip/tilt

e Your beam size should be well matched to
the seeing

o Adaptive optics may help

* The optical train should not introduce any
more instabilities (site/mount vibration)
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Interferometry and Stellar Interferometers
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Interferometry and Stellar Interferometers

The Instruments need enclosing....
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Interferometry and Stellar Interferometers

Delay Linessit on Ralls....
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Interferometry and Stellar Interferometers

. and Delay the nght
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Interferometry and Stellar Interferometers

Y ou Need Metrology that Works

29 June 2002
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Interferometry and Stellar Interferometers

What About a Beam Combiner?

* Modulation scheme —temporal or spatial?
e Open air, fiber or acombination?
 How many beams at atime?

 How do you divide the light — gray, color or

nolarization?

» Arefringe tracking and imaging the same
thing?
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Interferometry and Stellar Interferometers

Low resolution spectrograph

Multimode Fibers
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Interferometry and Stellar Interferometers

Y ou will Need alot of Electronics
e i -
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Interferometry and Stellar Interferometers

And Don't Forget the Control System

29 June 2002 Michelson Summer School



Interferometry and Stellar Interferometers

Both will Need Debugging
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Interferometry and Stellar Interferometers

If it all works... you party.
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Interferometry and Stellar Interferometers
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LONG BASELINE STELLAR INTERFEROMETERS

Operational Ground-Based Interferometers

CHARA Array — Center for High Angular Resolution Astronomy Array (vint Wilson, California; GSU).
COAST - Cambridge Optical Aperture Synthesis Telescope (MBAD, UK]).

ELUGE - Fiber Linked Unit for Cptical Recombination (Cbs. de Paris, France).

GIZTVREGAIN — Grand Interférométre 4 2 Télescopes (Obs. de Calern, France).

10TA - Infrared-Cptical Telescope Array (Whipple Obs, Arizona). Photo.

151 - Infrared Spatial Interferometer (hdount Wilson Obs., California).

PQ1 - MNawy Prototype Optical Interferometer (Lowell Obs., Arizona). Photos.

=

PTI - Palomar Testhed Interferometer (hdount Palomar, California).
SUSI - Sydney University Stellar Interferometer (MNarrabri, Australia).

The following interferometers have ceased operations - the indicated dates are approximately the dates
that the interferometers were operational: Z0ft {1920-1331), 50ft (1931-1338), Intensity Interferometer
[(1964-1876), 12T (1974-1987), Mark | (1873), Mark || (1982-1384), 11.4m prototype [1935-1988), SOIR
D'ETE (1979-1993), IRMA (1990-1992), Mark 11 (1986-1993), |2T/CHARCN (1993-1996), and MIBA-I
{1995-1939).

A Timeline of Stellar Interferometry from 1955 to the present shows the development of these
interferometers.

Ground-Based Interferometers Under Construction
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